


Developing Geospatial Models for 
Exposure Assessment

 in Windsor, ON
 An Evolution - Land Use Regression to Hybrid Models

Presented by 
Alice Grgicak-Mannion
Great Lakes Institute for Environmental Research
University of Windsor
October 29th, 2008



“Place”
 

and “Location”
 

Play Important 
Role in Determining Exposure

Linking health status to one’s 
geography/environment IS IMPORTANT

what do I live near? (water, air, industry, 
etc.)
Do living next to these geographic and 
urban features affect me and my health?

Can we change “places” to reduce 
exposure? (Prevention)
Can this information be helpful to my 
doctor and/or to my community?



Land Use Regression
What is LUR?

A response variable (e.g. NO2 concentration) is 
measured against a group of predictor variables (traffic, 
land use, population, etc.) to determine the extent of 
their relationship

Source: Jerrett, M., Arain, M. A., Kanaroglou, P., Beckerman, B., Crouse, N., Gilbert, N. L., Brook, J. R. and 
Finkelstein, N. 2003. Modelling the intra-urban variability of ambient traffic pollution in Toronto, Canada. In Strategies 
for Clean Air and Health (Proceedings of AIRNET Annual Conference/ NERAM International Colloquium) L. Craig, D. 
Krewski, J. Shortreed, and J. Samet (Eds).

 

pp. 19-34.



Source:ESRI Inc., 2007



Objectives

As part of the Border Air Quality Strategy, this 
study focused on the development of multi 
season, multiyear geospatial land use 
regression (LUR) models for NO2 ,PM2.5 and 
BTEX (Benzene, Toluene, Ethylbenzene and 
Xylene) for Windsor, ON. 
The main objective was to determine 
whether regression results were 
consistent from season to season and 
whether similar trends could be seen 
from year to year.   



Methodology

50 Active and Passive samples were taken of 
each pollutant over a two-week period in 
February, May, August and October for the 
years 2004 and 2005.
Predictor variables, i.e. high resolution 
geospatial land-use and traffic variables were 
generated using Geographic Information 
Systems (GIS). 
Step-wise regression statistics were used to 
determine the predictor variables for each 
model. 



Methodology

Monitors 



Methodology

Study Area with Sites (50 locations = 
GPS)



Databases Created/Used

Data Provided by the City of Windsor
Traffic Counts (TMC, AM, PM, Truck)
Land use Information (parcel)
Skeletal Road Layer

Census Data by Statistics Canada
Dwelling and Population Counts

Wind Direction Data by Environment Canada
Topographic Data 

Easting, northing, elevation
Similar data provided by the Towns of Tecumseh, 
LaSalle and Essex
International Data by SEMCOG

Detroit Road, Traffic and Land use



Converting Data into a Geospatial 
Format



Buffering

ArcGIS and SPSS



SPSS & Stepwise Regression



Predictor Layers Developed



Results and Model Maps

The 2004 seasonal LUR results for NO 2 were R 
2 = 0.898 for February, R 2 = 0.421 for May, 
R 2 = .821 for August , R 2 = .0.742 for 
October. 
The 2004 yearly model resulted in an R 2 of 
0.917.
Several reoccurring variables (i.e. Distance to 
Bridge, Dwelling Count, Open Area, etc.) were 
found in multiple models.



Results and Model Maps



Results and Model Maps



Results and Model Maps

The NO 2 seasonal results for 2005 were R 2 = 
.794 for February, R 2 = .632 for May, R 2 = 
.908 for August, R 2 = .941 for October and an 
R 2 of .939 for the yearly average
Only two reoccurring variables stood out in 
2005, they were Distance to Bridge and 
Industrial.
The PM 2.5 and BTEX models were not as 
consistent as NO 2. 2004 and 2005 BTEX R 2 
values ranged from .356 to .779 and .649 to 
.940, respectively. PM 2.5 2005 R 2 values 
ranged from .131 (see Figure 12 & 13) to 
.960.



Results and Model Maps



Results and Model Maps



Conclusion/Discussion

Overall, 2004 models performed 
reasonably well, while the 2005 
models experienced some 
multicollinearity and overprediction.
Sampling site locations and land 

use misclassification (e.g. Industrial 
vs. Open Area) may have played a 
role as well.



Source: Jerrett, M., Arain, M. A., Kanaroglou, P., Beckerman, B., Crouse, 
N., Gilbert, N. L., Brook, J. R. and Finkelstein, N. 2003. Modelling the 
intra-urban variability of ambient traffic pollution in Toronto, Canada. In 
Strategies for Clean Air and Health (Proceedings of AIRNET Annual 
Conference/ NERAM International Colloquium) L. Craig, D. Krewski, J. 
Shortreed, and J. Samet (Eds).

 

pp. 19-34.

Source: Henderson, S. and Brauer, M.  2005. Measurement and 
Modelling of traffic related air pollution in the British Columbia lower 
mainland for use in health risk assessment and epidemiological analyses. 
Report

 

pp. 40.

Conclusion/Discussion
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What is next? 
Potential Hybrid Models in Windsor



What is next? 
Potential Hybrid Models in Windsor

Regional Level and Vertical Models 
using Sensor Networks



What is next? 
Potential Hybrid Models in Windsor

Dispersion Models (Dr. Iris Xu) 
combined with LUR



What else are we up to?
 GeoDHOC

GeoDHOC - the Geospatial Determinants of Health Outcomes.  
GeoDHOC is a collaboration among researchers from Wayne State 
University, the University of Windsor and the Henry Ford Health 
System focused on linking land use and air quality data to health 
outcomes in Windsor and Detroit. 

Linda Weglicki, Nursing (Wayne State) - PI 
Jason Booza, Family Medicine (Wayne State) 
Helen Krouse, Nursing (Wayne State) 
Lawrence Lemke, Geology (Wayne State) 
Delbert Raymond, Nursing (Wayne State) 
John Reiners, Institute of Environmental Health Sciences 
Iris Xiaohong Xu, University of Windsor 
Phil Graniero, University of Windsor 
Alice Grgicak-Mannion, University of Windsor 
Paul Villeneuve, University of Toronto 
Lois Lamerato, Henry Ford Health System 
Richard Krajenta, Henry Ford Health System



What else are we up to?
 Isoscapes

Isoscapes (isotope landscapes) are spatially explicit 
predictions of stable isotope ratios based on:

►Process-level mathematical models
►Spatial model execution in Geographic Information 
Systems (GIS)

Looking to take 100+ samples (grass and vegetation) 
across Windsor ON to determine signatures and 
correlations to traffic and road dust

Wesley Moga, Dr. Aaron Fisk and A. Grgicak-Mannion



What else are we up to?
 Magnetic Signatures (Potential)

Magnetic susceptibility mapping to 
track air pollution and particulate 
matter and it combining health 
parameter data

Dr. Maria Cioppa (PI) 



What else are we up to?
 Windsor-Essex Environmental Metadata System 

(WEEMS)



THANK YOU !!!!
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